Introduction
============

An important characteristic of aging is cognitive decline. Previous findings have shown that the decline of cognitive function was associated with reduced plasticity in the hippocampus ([@b1-etm-0-0-3470]--[@b2-etm-0-0-3470]). Decreased androgen levels associated with aging have always been considered to be associated with an increased risk of mild cognitive impairment (MCI) and Alzheimer\'s disease (AD). In 2011, the National Institute on Aging and the Alzheimer\'s Association proposed new guidelines for AD ([@b1-etm-0-0-3470]--[@b4-etm-0-0-3470]). These guidelines recommend that MCI be considered a transitional condition with cognitive changes between normal aging and AD ([@b5-etm-0-0-3470],[@b6-etm-0-0-3470]). Through evaluation and control of risk factors for conversion from MCI to AD, onset of the disease can be prevented or delayed. The pathophysiology of MCI includes significant neuronal loss in the hippocampus and decreased blood flow in the subiculum ([@b7-etm-0-0-3470]). Neurofibrillary tangles and β-amyloid (Aβ) were observed in individuals with MCI ([@b8-etm-0-0-3470],[@b9-etm-0-0-3470]). Cerebrospinal fluid also shows a disproportionate increase in τ protein levels relative to individuals from a similar age group ([@b10-etm-0-0-3470]). Patients with MCI usually have decreased gonadal steroids at the same time.

Depletion of sex steroid hormones with increasing age is the most significant risk factor for the development of AD. Previous findings indicated that estrogen and progesterone (P4) at menopause in women and testosterone in aging men are AD risk factors ([@b11-etm-0-0-3470]--[@b18-etm-0-0-3470]). Women have greater vulnerability to AD than men, as observed by relatively sudden and extensive loss of 17β-estradiol (E2) and P4 at menopause. A decrease of total testosterone ([@b12-etm-0-0-3470],[@b13-etm-0-0-3470]) or free testosterone levels in plasma have been identified in men with AD when compared to patients ([@b15-etm-0-0-3470]) of vascular dementia and age-matched controls ([@b11-etm-0-0-3470],[@b14-etm-0-0-3470],[@b19-etm-0-0-3470]).

Estrogens and androgens can play a protective role against AD-related neurodegeneration ([@b14-etm-0-0-3470],[@b20-etm-0-0-3470]). Men who become hypogonadal in later life often report problems with their memory. Lower than normal testosterone levels have also been detected in patients prior to the onset of AD and in younger, late-onset, male AD patients when compared to the appropriate controls. Age-related depletion of testosterone is a risk factor for AD in men ([@b20-etm-0-0-3470]). Since testosterone is metabolized in the brain into the androgen dihydrotestosterone (DHT) and estrogen E2, testosterone can mediate its effects through androgen and/or estrogen pathways. The reduction of DHT in elderly males was negatively associated with the incidence of AD, and it may be able to decrease the activity of the androgen receptor. Previous findings showed that androgen is involved in the development of the central nervous system as well as the maintenance of normal function during maturation ([@b21-etm-0-0-3470]--[@b23-etm-0-0-3470]).

In recent decades, the progressive reduction of structural and functional plasticity in hippocampus and the prefrontal cortex were thought to be associated with the gradual decline in cognitive function ([@b24-etm-0-0-3470]). There was a close associated between synaptic plasticity and sex hormones. It was previously reported that the density of synapses in the hippocampus of adult female rat fluctuates naturally with the levels of ovarian steroids. In adult female rats, the estradiol level *in vivo* was associated with hippocampal pyramidal cell synapse density and quantity, as well as dendritic spine density ([@b25-etm-0-0-3470]). The density of the dendritic spines of the pyramidal neurons in the brain regions related to learning and memory, such as the hippocampus, is associated with the estrogen level ([@b26-etm-0-0-3470]). Thus, the regulatory mechanism of androgens on synaptic plasticity has been considered. Similarly, the density of the dendritic spines of the pyramidal neurons in the hippocampus is also modulated *in vivo* by the depletion and replacement of androgens ([@b27-etm-0-0-3470]).

The senescence-accelerated mouse prone 8 (SAMP8) is characterized by an age-related spontaneous deterioration in learning and memory that are similar to AD ([@b28-etm-0-0-3470]). Previous findings have shown that SAMP8 is a good model of cognitive decline with aging ([@b29-etm-0-0-3470]--[@b30-etm-0-0-3470]). Our previous studies ([@b31-etm-0-0-3470]) identified a fluctuant trend of the density of dendritic spines and, Aβ deposits, leading to cognitive and neurobiological changes in 5-month-old SAMP8 mice. Thus, 'middle-aged' SAMP8 mice are a suitable model for basic MCI research ([@b31-etm-0-0-3470]). In the MCI stage of SAMP8 mice, the synaptic injuries have already appeared. As such, the pathological changes of the synapses are a key problem in cognitive dysfunction ([@b32-etm-0-0-3470]).

Gonadectomy (GDNX) in castrated male rats reduced CA1 spine synapse density compared with the sham-operated controls ([@b32-etm-0-0-3470]). Treatment of GDNX rats with DHT or testosterone propionate increased spine synapse density to approximately the same levels when compared with intact males. However, an increase in synapse density was not observed in the GDNX animals after treatment with estradiol. These data indicated that androgen is essential for the normal spine synapse density in the CA1 region of the male rat hippocampus. The lack of response to estradiol suggests that testosterone acts directly on hippocampal androgen receptors rather than indirectly via local estrogen biosynthesis ([@b27-etm-0-0-3470]).

Previous studies conducted on SAMP8 mice identified that the serum testosterone levels quickly decreased in the aging process, with a similar gradual reduction in dendritic spine density and quantity ([@b30-etm-0-0-3470]--[@b32-etm-0-0-3470]). The aging core and behavioral experiments were also improved after providing a physiological dose of DHT (1 mg/kg) compared with the castration group ([@b33-etm-0-0-3470]). Therefore, it is essential to determine the mechanisms of DHT in hippocampal synaptic plasticity.

Postsynaptic density protein 95 (PSD95) in hippocampus exhibited a significant reduction in MCI compared to subjects without dementia. The expression of synaptophysin (SYN), a key player in membrane trafficking events preceding exocytosis that modulates activity-dependent exocytosis, was relatively decreased in castrated aging mice ([@b34-etm-0-0-3470]). Drebrin is an f-actin postsynaptic binding protein that is associated with synaptic plasticity ([@b35-etm-0-0-3470]). Previous studies have reported that the levels of Drebrin decreased in the hippocampus of MCI cases, and were associated with the cognitive decline ([@b12-etm-0-0-3470]). Synaptic plasticity-associated proteins \[e.g., SYN, PSD95, developmentally regulated brain protein (Drebrin)\] and the memory formation-related protein cAMP-response element binding protein (CREB), were correlated with animal behavior and synaptic morphology ([@b36-etm-0-0-3470]--[@b39-etm-0-0-3470]).

The present study focused on whether DHT altered the expression of CREB, PSD95, SYN and Drebrin and examined the protective mechanisms and neurological basis of DHT. In our experiment, immunohistochemistry, western blot analysis and quantitative polymerase chain reaction (qPCR) analysis were used to detect the expression of the aforementioned proteins and to observe the regulation of DHT on synaptic plasticity in the hippocampus of MCI SAMP8 mice. The results confirmed those of our previous study regarding the effects of DHT on the behavior and synaptic plasticity in MCI SAMP8 mice, and provided a valuable theoretical basis for the protective effects of DHT in MCI.

Materials and methods
=====================

### Animals and study groups

Five-month-old SAMP8 mice were used as experimental animals (n=45, 28--32 g), and randomly divided into the sham-operated control group (P8 group), castration group, and castration plus dihydrotestosterone group (DHT group). Animals in this group received the same surgical castration operation as the castrated group, but without removing the testicles. Mice in the castrated group underwent bilateral orchiectomy. Mice in the DHT group received bilateral orchiectomy and DHT injection. Medicine was administered three days after castration (product code: 2500981; International Laboratory, South San Francisco, CA, USA), for 60 days by subcutaneous injection (1 mg/kg per day administered between 5:00 and 6:00 p.m.). Other groups were injected with the same dose of sterile medical corn oil (0.1 ml). SAMP8 male mice were given as gifts by David Yew, Professor of the Chinese University of Hong Kong and bred by our laboratory. For breeding of mice standard rodent diet and water method were used, with a 12 h light-dark cycle (lights at 6:00 a.m.) and room temperature maintained at 21±2°C.

The experimental procedures were implemented in accordance with the use of mammal in neuroscience health guidelines, recognized by the Association of Animal Experimentation Ethics, Hebei Medical University.

### Immunohistochemical staining

Each group of mice (n=5) were anesthetized by 1% sodium pentobarbital \[80 mg/kg, intraperitoneal (i.p.) injection\] and perfused with 0.9% saline through the left ventricle, and fixed with 4% paraformaldehyde, pH 7.4. The brain was carefully removed, specimens were separated between the superior colliculus and optical chiasm, and fixed overnight at 4°C. The tissue was divided into two halves along the median plane, and the gradient ethanol was dehydrated. The tissue was cleared in xylene and embedded in paraffin. Paraffin blocks were cut into 5 µm serial sections along the sliding microtome (Leica-RM2145; Leica, Mannheim, Germany) in the coronal position. Two consecutive 50 µm tissues were collected and placed on polylysine-coated slides to detect the protein expression of CREB, SYN, PSD95 and Drebrin. Following deparaffinization and hydration, the sections were subjected to antigen retrieval using a microwave for 30 min and immersed in 3% hydrogen peroxide in methanol for 30 min to eliminate endogenous peroxidase activity. The sections were incubated with 5% goat serum to block non-specific binding, followed by overnight incubation with rabbit anti-SYN antibody (1:200, product code: ab14692; Abcam, Cambridge, MA, USA), rabbit anti-PSD95 antibody (1:200, product code: ab12093; Abcam), rabbit anti-CREB antibody (1:200, code: ab32515; Abcam), and rabbit anti-Drebrin antibody (1:100, code: ab60933; Abcam) at 4°C. After washing with PBS, the sections were incubated with biotinylated goat anti-rabbit IgG for 2 h. A computer image analysis system Image-Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD, USA) was used to determine the average values of the optical density (OD) of SYN, PSD95, Drebrin and CREB in the hippocampal CA1 region. Ten sections were analyzed for each mouse, and the average OD value was determined for each mouse.

### Western blot analysis

After sample collection, lysis buffer was added, and the samples were homogenized under ice-cooling, and incubated for 30 min. The samples were then centrifuged for 15 min at 4°C at 10,000 × g and the supernatant was collected. A BAC microplate reader (VersaMax enzyme standard instrument, Molecular Devices, LLC. Sunnyvale CA, USA) was used to determine protein content. Subsequently, 100 µl protein was added to an equal volume of 2X upper sample buffer, and mixed at 95°C for 5 min, for denaturation of the protein. The samples were then centrifuged and cooled to room temperature 21±2°C. A constant voltage of electrophoresis of upper sample was 80 V. When the sample reached the junction between stacking and separating gel, the constant voltage was adjusted to 120 V, stopping electrophoresis. The constant voltage of the cutting gel and transferring membrane was 300 V, which was stopped after a 60-min wet transfer. Non-fat dry milk (5%) was used for blocking for 1 h at room temperature. Then, 1X TBS was used to dilute SYN, PSD95, Drebrin, CREB antibody at 1:5,000, followed by overnight incubation at 4°C. Fluorescent secondary antibody was added, and kept in the dark at 37°C prior to agitation for 1 h. The Li-Cor Odyssey fluorescence scanning imaging system (Gene Company Limited, Pleasanton, California, USA) was employed to perform semi-quantitative analysis to yield relevant bands. Arbitrary units (AU) (darea • density) were used to represent the area × gray value of protein bands. GAPDH expression was viewed as an internal reference. The ratio between the target protein and internally referred AU represented the relative protein expression levels of each group.

### qPCR analysis

Each group of mice (n=5) was anesthetized with 1% sodium pentobarbital (80 mg/kg, i.p. injection). RNA samples were extracted using TRIzol reagent from the hippocampus. Ultraviolet NanoDrop lite spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) (the A260) was used to measure the amount of RNA. The superscript first-strand synthesis system (Invitrogen Life Technologies, Carlsbad, CA, USA) was used to reverse transcribe 500 ng RNA into complementary DNA. Following transcription, 1 µl RT product combined 2.5 units was used to start the volume of Taq DNA polymerase (Sigma-Aldrich, St. Louis, MO, USA) (50 µl buffer contains 20 pmol antisense primer, 10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl~2~ and 0.2 mM dNTP). Chemically produced primers (Sangon Biotech Co., Ltd., Shanghai, China) are listed in [Table I](#tI-etm-0-0-3470){ref-type="table"}.

The Eco™ Real-Time PCR system (Illumina Inc., San Diego, CA, USA) was used to quantitatively determine the relative levels of mRNAs. GAPDH expression was viewed as an internal reference, and the ratio between the data and internal reference indicated the relative level of the target gene.

Results
=======

### Immunohistochemical staining

Immunohistochemical staining showed that the positive products of CREB protein were mainly distributed in the neuronal membrane, cytoplasm and projections. Compared with the castration group, the staining in projections of the P8 and DHT groups was dense and thick, and the cytoplasmic membrane immunoreactive substance increased significantly ([Fig. 1A-C](#f1-etm-0-0-3470){ref-type="fig"}). The OD value of the castration group was 0.135±0.025, which was significantly lower than that of the P8 group value of 0.270±0.046 (P\<0.01). The OD value of DHT group was 0.216±0.034 and was significantly increased compared to the Castration group (P\<0.01).

Immunohistochemical staining for PSD95, SYN and Drebrin showed that brownish yellow granules were located in the neuropil of pyramidal cells ([Fig. 1D-L](#f1-etm-0-0-3470){ref-type="fig"}). The expression of the PSD95, SYN and Drebrin proteins were consistent with CREB protein expression among the different groups. The OD values were: PSD95, 0.636±0.046, 0.935±0.073 and 0.983±0.116; SYN, 0.553±0.034, 0.843±0.107 and 0.887±0.089; and Drebrin, 0.089±0.014, 0.159±0.015 and 0.173±0.018 in the castration, DHT and P8 groups, respectively ([Table II](#tII-etm-0-0-3470){ref-type="table"}, [Fig. 1D-L](#f1-etm-0-0-3470){ref-type="fig"}).

### Western blotting

The protein bands for CREB in hippocampus were clearly visible in the different groups ([Fig. 2](#f2-etm-0-0-3470){ref-type="fig"}). The integrated OD (IOD) value of CREB in the castration group was 0.589±0.075, which was significantly lower compared to the P8 group at 1.113±0.152 (P\<0.01). However, the IOD value for CREB in the DHT group was 1.032±0.118, which was significantly different compared to the castration group (P\<0.01). The expression levels of SYN (0.453±0.074, 0.947±0.117, 0.891±0.126), PSD95 (0.109±0.007, 0.193±0.018, 0.205±0.025), and Drebrin (0.189±0.045, 0.632±0.058, 0.613±0.092) was consistent with that of CREB protein. There was a statistically significant difference (P\<0.01) between the castration group and P8 groups ([Table III](#tIII-etm-0-0-3470){ref-type="table"}).

### qPCR

The mRNA expression of *creb*, *psd95*, *syn* and *drebrin* in hippocampal neurons in different groups was similar to that of their protein expression levels ([Fig. 3](#f3-etm-0-0-3470){ref-type="fig"}). The *creb*, *psd95*, *syn* and *drebrin* mRNAs levels in the castration group were the lowest (0.597±0.075, 0.853±0.079, 0.420±0.057 and 0.328±0.019, respectively) and were significantly decreased compared with the P8 group (1.245±0.059, P\<0.01; 1.231±0.116, P\<0.01; 0.894±0.052, P\<0.01; 0.452±0.041, P\<0.01, respectively) and the DHT group (1.177±0.101, P\<0.01; 1.194±0.064, P\<0.01; 0.861±0.026, P\<0.01; 0.422±0.018, P\<0.01, respectively) ([Table IV](#tIV-etm-0-0-3470){ref-type="table"}, [Fig. 3](#f3-etm-0-0-3470){ref-type="fig"}).

Discussion
==========

The brain is an androgen-sensitive tissue and is influenced by age-related androgen deficiency ([@b12-etm-0-0-3470]--[@b14-etm-0-0-3470]). Research on testosterone and its metabolite DHT in rodent and human brains has indicated that reduced brain function is closely related to androgen loss. In particular, some research suggests that sex hormone loss occurs prior to the occurrence of AD, and can be regarded as a cause of AD, rather than the result of AD. This fact suggests that androgen depletion is a precursor event that changes AD clinical manifestation and pathology, which may contribute to the understanding of the progression of the disease ([@b40-etm-0-0-3470]). Despite intensive laboratory and clinical research over the past three decades, effective treatment to delay the onset and progression of AD is not available. The repetitive failures of clinical trials targeting mild to moderate AD suggest that MCI is a potential way to treat AD ([@b41-etm-0-0-3470]).

Compared to other pathological lesions, in the pathological change of AD, synaptic density changes and cognitive impairment are closely related, indicating the extreme importance of mechanisms of contact obstacles of synapses ([@b42-etm-0-0-3470]). Previous findings suggest that the hippocampus shows decreases of synaptic plasticity in MCI ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]). However, whether the protein change in the hippocampus reflects the correlation between changes in the number of synapses and low MCI cognitive level is worthy of further investigation.

In young and middle-aged castrated rats, the levels of endogenous androgens were reduced, aggravating pathological changes and hippocampus-related behavior in the animals. Treatment with testosterone or DHT in these castrated rats may significantly reduce pathological damage ([@b43-etm-0-0-3470]). It seems possible to develop an effective hormone or hormone mimic therapy for prevention of the conversion from MCI to AD ([@b44-etm-0-0-3470]). Previous findings have indicated that there is close relationship between androgens and synapses ([@b31-etm-0-0-3470],[@b32-etm-0-0-3470]). Experimentally, androgens can reverse the reduced density of hippocampus dendritic spines in castrated male rats, and at the same time an androgen antagonist may significantly weaken this effect ([@b45-etm-0-0-3470]--[@b47-etm-0-0-3470]). Those reports suggested that androgens play an important role in maintaining the density of dendritic spine synapses in the hippocampus of normal male animals. Therefore, we hypothesize that the synaptic plasticity of hippocampal structures is correlated with the cognitive function. Studies have reported the existence of a pathway for androgen regulation of synaptic function that is distinct from estrogens; however, the mechanism of this independent androgen pathway was not previously evident ([@b48-etm-0-0-3470]).

Our previous studies ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]) have shown that, compared with the control group, the cognitive function of castrated MCI and SAMP8 mice during AD period was impaired. Additionally, DHT improves the aging mice hippocampus-dependent spatial cognitive ability, and castration increases learning and memory disorders. These functions may be associated with changes in the hippocampal formation and morphology of MCI SAMP8 mice. From this perspective, hippocampal neurons and synaptic morphology and structure are worthy of exploration in further experiments. Castration-induced cognitive dysfunction may cause morphological change ([@b32-etm-0-0-3470]). Castration reduces the thickness of postsynaptic density and postsynaptic PSD, and significantly increases Aβ accumulation and degeneration of organelles in cytoplasm. It is thought that synaptic loss and cognitive decline in AD are closely related, and senile plaque pathology and partial loss of synapses and deduction of dendritic spines are related ([@b49-etm-0-0-3470]). Conversely, cognitive disorders, especially in executive function and negative symptoms are considered to be associated with defects of neural plasticity ([@b50-etm-0-0-3470]). These views explain the correlation between castration-induced cognitive decline and morphological changes.

Our previous results showed that castration aggravates cognitive decline and the loss of synapses and dendritic spines in MCI SAMP8 ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]). In the process of natural aging, a decrease in testosterone induces the AD pathological change process and decreases synaptic plasticity. Modulation of hippocampal synaptic plasticity by androgens has attracted substantial scientific attention. However, more studies are needed to elucidate the effects of DHT on synaptic plasticity in MCI research. Therefore, we investigated the effect of DHT on the modulation of spine structure and proteins related to synaptic plasticity in the MCI SAMP8 mouse hippocampus. In the present study, castration reduced the levels of synaptic protein markers (PSD95, SYN and Drebrin), which coincided with smaller numbers of synapses and thinner PSDs, as observed in our previous results ([@b31-etm-0-0-3470],[@b32-etm-0-0-3470]). This finding demonstrates that cell viability is low and neural remodeling is suppressed during MCI, and worse structural and morphological changes in castration lead to further decline in spatial learning and memory in the P8 mice.

The above data show that DHT is involved in the regulation of learning and memory, suggesting that physiological levels of DHT can regulate hippocampal function and maintain the hippocampal formation of normal male mice. However, the role of DHT in some proteins, receptors, neurotransmitters and messenger molecules associated with structural basis and physiological functions of synaptic plasticity ([@b51-etm-0-0-3470]), as well as transcription and protein synthesis needed in long-term memory potentiation remain to be investigated ([@b52-etm-0-0-3470]).

DHT is thought to increase the thickness of postsynaptic density and postsynaptic density of neurons in castrated animals. These studies indicate that androgen therapy may be effective in delaying the deduction of synapses of hippocampal neurons and dendritic spines caused by castration. Thus, DHT can also enhance the synaptic plasticity of hippocampal neurons of AD mice, to maintain the structure and function of synapses. In this experiment, with P8 sham operation mice as the control group, we studied whether DHT was conducive to maintaining hippocampal neurons and hippocampal synaptic plasticity of castrated mice during MCI period. Synaptic plasticity is the neurobiological basis of learning and memory, and can affect cognitive ability by adjusting the hippocampal synaptic structure and function. Based on this, it is recognized that DHT-induced structural changes of neural plasticity improve the morphological basis of cognitive function ([@b53-etm-0-0-3470]).

We hypothesized that expression changes of differentiated genes among individuals may be associated with the memory-related behavior of aging rodents. Furthermore, mechanisms of DHT regulating hippocampal synaptic plasticity of MCI SAMP8 mice is unclear. Therefore, we focused on the expression of synaptic plasticity markers (SYN, PSD95, Drebrin) in pyramidal cells of hippocampus, and examined the regulatory mechanism and neural basis effect of DHT.

SYN, PSD95 and Drebrin are involved in synaptic formation and reconstruction ([@b54-etm-0-0-3470]--[@b56-etm-0-0-3470]). The immunohistochemical results revealed that DHT decreased SYN, PSD95, Drebrin protein levels of castrated SAMP8 mice. SYN involves the release of presynaptic vesicle protein neurotransmitter and a sign of density of synapses. PSD95 is glutamatergic excitatory postsynaptic density, interacting with NMDA receptor subunits, and participating in the information storage procedure ([@b57-etm-0-0-3470]). Increased PSD95 expression is capable of adjusting the increase of synaptic activity. Drebrin is an F-actin binding protein expressed in excitatory postsynaptic dendritic spines. It affects synaptic plasticity by regulating the synaptic morphogenesis, and reorganizing postsynaptic density and target receptors ([@b39-etm-0-0-3470],[@b58-etm-0-0-3470],[@b59-etm-0-0-3470]). Drebrin, a synaptic marker, is used as a marker of synaptic structural changes. Experimental results show that the effect of DHT on synaptic structure is associated with the expression of protein markers SYN, PSD95 and Drebrin ([@b60-etm-0-0-3470],[@b61-etm-0-0-3470]).

Expression of synaptic proteins SYN, PSD95 and Drebrin reflects changes in cognitive behavior, and shows a positive correlation with synaptic plasticity, a result that is consistent with the results of the present study. This also corroborates our previous studies ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]) where, after DHT treatment, learning and memory of castrated mice were significantly improved, Aβ levels were reduced, and the number of dendritic spines density increased ([@b27-etm-0-0-3470],[@b62-etm-0-0-3470]). Expression of SYN and Drebrin in the hippocampus of patients with advanced AD decreased. However, in other studies, after comparing patients with no cognitive impairment (NCI), mild cognitive impairment (MCI) and AD, it was identified that, SYN and Drebrin expression in male hippocampus is different. For SYN expression, MCI and AD were reduced compared to NCI, although the differences were not statistically significant, whereas Drebrin in MCI and AD were reduced by approximately 40% compared to NCI. In the MCI and AD patients, the difference of synaptic marker protein expression indicates that the plasticity of postsynaptic membrane dendritic spines may be damaged selectively. Furthermore, Drebrin may serve as a protein marker predictor for the onset of memory impairment. ([@b63-etm-0-0-3470]).

The role of androgen in hippocampal pyramidal neurons in male rats has been investigated and with regard to the expression of SYN, it was found that castration does not significantly affect the number of pyramidal cells in the hippocampal CA1 area, although the SYN level is reduced ([@b27-etm-0-0-3470]). The SYN level of castrated rats is increased after DHT supplementation. Similarly, DHT and estradiol SYN expression levels were increased for castrated male and female rodent animals. The data suggested that sex hormones were closely associated with maintaining a normal SYN expression level in the CA1 area of the rodent hippocampus, indicatign AD-like pathological change caused by lack of sex hormone and pathogenesis that is different to humans. A comparison of testosterone and non-aromatic DHT has shown that, testosterone may, without the aid of a local estrogen pathway, directly affect the hippocampus of the androgen receptor.

Previous studies showed that, CREB has a potential therapeutic effect for AD patients ([@b64-etm-0-0-3470]). In the early stage of AD, CREB was the most important transcription control factor in the transport network, suggesting that, in the early stage of the disease, dysfunction caused by CREB emerges ([@b65-etm-0-0-3470]). CREB plays an important role in the neuron plasticity of the brain and long-term memory, that is, synaptic transmission and restructuring. In the pathogenesis of the Aβ-induced pathological change of AD, mediated by the CREB pathway, Aβ changes hippocampus-dependent synaptic plasticity alters and reduces memory loss caused by a number of synapses ([@b66-etm-0-0-3470]). Thus, CREB protein expression is detected to analyze the impact of DHT in AD pathogenesis.

Our results indicate that CREB protein expression, and the mRNA transcription, protein and expression of PSD95, SYN and Drebrin of castrated SAMP8 mice was decreases. In the present study, CREB protein and mRNA expression of MCI SAMP8 mice was increased after DHT supplementation, as were the synaptic marker protein and mRNA expression. Thus, these data and our results indicate that enhanced synaptic plasticity and cognitive function are closely related to the improved expression of CREB following DHT increase. Cognitive decline and a decrease of DHT levels are consistent, thus, DHT may be involved in the CREB-induced regulation of synaptic plasticity and cognitive function. DHT, a non-aromatized androgen, cannot be converted to estradiol, and thus plays a role through the estrogen pathway, indicating that the androgen pathway plays a role in synaptic plasticity and the cognitive function of SAMP8 male mice ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]). These results suggest that, DHT promotes the expression of dendritic spine density and constitutive proteins, rather than converse androgens into estrogens and play a role through the estrogen pathway. Thus, our results are useful for understanding the differences of signaling pathways across the brain between different genders. The results are also consistent with our previous results ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]), and directly or indirectly support that testosterone and DHT can improve the cognitive behavior of castrated rats and mice, eliminating biological markers (Aβ) and increasing the number and density of Nissl staining dendritic spines and other experimental results.

The present results indicate that, DHT can affect cognitive and synaptic plasticity of SAMP8 mice during MCI period. Previous findings have shown that cognitive competence and neural plasticity of SAMP8 mice during MCI period decline ([@b31-etm-0-0-3470],[@b33-etm-0-0-3470]). Synaptic plasticity in the hippocampus structure may be the cause of reduced spatial memory impairment and this function is related to androgen decline in male mice. In turn, we believe that androgens play an important role in maintaining and regulating hippocampal synaptic plasticity structure in aging mice. Androgen maintains synaptic marker protein (SYN, PSD95 and Drebrin) expression and activates CREB gene expression, thereby regulating synaptic plasticity changes in the basic structure of MCI hippocampus and improving cognitive function. It may be the neural basis mechanism of the wholesome effects which androgen applied to synaptic plasticity in hippocampus. Androgen increases synaptic activity, thereby promoting neural proliferation and maintenance of cells in the MCI SAMP8 mouse hippocampus area, and plays a neuro-protective role. However, the protective effect of androgens in neuroplasticity is worthy of further investigation.

In summary, this study was performed in SAMP8 male mice, and it was determined that the role of mechanism of action of androgens in humans requires additional investigation.
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![Immunohistochemical staining shows the effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice. Immunohistochemical staining detected (A-C) SYN, (D-F) PSD95, (G-I) Drebrin and (J-K) CREB protein expression in the (A, D, G and J) castration, (B, E, H and K) DHT and (C, F, I and L) P8 groups. A statistical graph showing the difference of protein expression in the (M) four groups. The results are presented as the mean ± standard deviation (n=5). Statistical analysis was performed using one-way ANOVA with LSD post-hoc test. \*\*P\<0.01. DHT, dihydrotestosterone; MCI, mild cognitive impairment; SAMP8, senescence-accelerated mouse prone 8; SYN, synaptophysin; PSD95, postsynaptic density protein 95; CREB, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.](etm-12-03-1455-g00){#f1-etm-0-0-3470}

![Western blotting showing the effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice. Western blot detected SYN, PSD95, Drebrin and CREB protein expression in the (A) castration, DHT and P8 groups. A statistical graph showing the difference of protein expression in the (B) four groups. The results are presented as the mean ± standard deviation (n=5). Statistical analysis was performed using one-way ANOVA with LSD post-hoc test. \*\*P\<0.01. DHT, dihydrotestosterone; SAMP8, senescence-accelerated mouse prone 8; SYN, synaptophysin; PSD95, postsynaptic density protein 95; CREB, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.](etm-12-03-1455-g01){#f2-etm-0-0-3470}

![Quantitative polymerase chain reaction showing effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice, showing gene expression of SYN, PSD95, Drebrin, and CREB in the Castration, DHT and P8 groups. \*\*P\<0.01. DHT, dihydrotestosterone; SAMP8, senescence-accelerated mouse prone 8; SYN, synaptophysin; PSD95, post synaptic density protein 95; CREB, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.](etm-12-03-1455-g02){#f3-etm-0-0-3470}

###### 

Primers.

  Gene        NCBI GeneID   Forward/reverse primer          Amplicon size (bp)
  ----------- ------------- ------------------------------- --------------------
  *drebrin*   56320         5′-AGGAGCAGTCTATCTTTGGTGA-3′    246
                            5′-CACTGTCCGATGCCTTTATGAA-3′    
  *syn*       20977         5′-CAGTTCCGGGTGGTCAAGG-3′       138
                            5′-ACTCTCCGTCTTGTTGGCAC-3′      
  *creb*      12912         5′-CAGGGGTCGCAAGGATTGAAG-3′     101
                            5′-ATCGCCTGAGGCAGTGTACT-3′      
  *psd95*     13385         5′-TGAGATCAGTCATAGCAGCTACT-3′   107
                            5′-CTTCCTCCCCTAGCAGGTCC-3′      
  *GAPDH*     14433         5′-AGGTCGGTGTGAACGGATTTG-3′       95
                            5′-GGGGTCGTTGATGGCAACA-3′       

*syn*, synaptophysin; *psd95*, post synaptic density protein 95; *creb*, cAMP-response element binding protein; *drebrin*, developmentally regulated brain protein.

###### 

Results of immunohistochemical staining shows the effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice.^[a](#tfn2-etm-0-0-3470){ref-type="table-fn"}^

  Group        CREB                                                        SYN                                                         PSD95                                                       Drebrin
  ------------ ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  Castration   0.136±0.025                                                 0.553±0.034                                                 0.636±0.046                                                 0.089±0.014
  DHT          0.216±0.035^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.843±0.107^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.935±0.073^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.159±0.015^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^
  P8           0.270±0.046^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.887±0.089^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.983±0.116^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^   0.174±0.018^[b](#tfn3-etm-0-0-3470){ref-type="table-fn"}^

Immunohistochemical staining detected SYN, PSD95, Drebrin, and CREB gene expression in the Castration, DHT and P8 groups.

P\<0.01. DHT, dihydrotestosterone; MCI, mild cognitive impairment; SAMP8, senescence-accelerated mouse prone 8; SYN, synaptophysin; PSD95, postsynaptic density protein 95; CREB, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.

###### 

Results of western blotting shows the effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice.^[a](#tfn4-etm-0-0-3470){ref-type="table-fn"}^

  Group        CREB                                                        SYN                                                         PSD95                                                       Drebrin
  ------------ ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  Castration   0.589±0.075                                                 0.453±0.074                                                 0.109±0.007                                                 0.189±0.045
  DHT          1.032±0.118^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.947±0.117^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.193±0.018^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.632±0.058^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^
  P8           1.113±0.152^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.891±0.126^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.205±0.025^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^   0.613±0.092^[b](#tfn5-etm-0-0-3470){ref-type="table-fn"}^

Western blotting detected SYN, PSD95, Drebrin, and CREB gene expression in the Castration, DHT and P8 groups.

P\<0.01. DHT, dihydrotestosterone; MCI, mild cognitive impairment; SAMP8, senescence-accelerated mouse prone 8; SYN, synaptophysin; PSD95, postsynaptic density protein 95; CREB, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.

###### 

Results of quantitative polymerase chain reaction (qPCR) display the effects of castration and DHT intervention on the conversion from MCI to Alzheimer\'s dementia in SAMP8 mice.^[a](#tfn6-etm-0-0-3470){ref-type="table-fn"}^

  Group        *creb*                                                      *syn*                                                       *psd95*                                                     *drebrin*
  ------------ ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  Castration   0.597±0.075                                                 0.853±0.079                                                 0.420±0.057                                                 0.328±0.019
  DHT          1.177±0.101^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   1.194±0.064^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   0.861±0.026^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   0.422±0.018^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^
  P8           1.245±0.059^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   1.231±0.116^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   0.894±0.052^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^   0.452±0.041^[b](#tfn7-etm-0-0-3470){ref-type="table-fn"}^

qPCR detected syn, psd95, drebrin, and creb gene expression in the Castration, DHT and P8 groups.

P\<0.01. DHT, dihydrotestosterone; MCI, mild cognitive impairment; SAMP8, senescence-accelerated mouse prone 8; *syn*, synaptophysin; *psd95*, postsynaptic density protein 95; *creb*, cAMP-response element binding protein; Drebrin, developmentally regulated brain protein.
